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Appendix F:
Space Systems -- Work Breakdown Structure and Definitions

F.1 -- Scope

This gppendix provides the space system work breskdown structure. Definitions for the launch vehicle;
the orbitd trandfer vehicle; the gpace vehide and for ground command, control, communications and
mission equipment; flight support operations and services, and storage are provided in this gppendix.
Definitions for WBS dements common to the space system and dl other defense materid itemsarein
Appendix H: Work Breskdown Structure Definitions, Common Elements.

F.2 -- Work Breakdown Structure L evels

Level 1 Level 2 Level 3

Space System Launch Vehicle Propulson (Single Stage Only)
Stage |
Stage I1..n (As Required)
Strap-On Units (As Required)
Shroud (Payload Fairing)
Guidance and Control
Integration, Assembly, Test and Checkout

Orbita Trandfer Vehicle Propulsion (Single Stage Only)
Stage |
Stage I1..n (As Required)
Strap-On Units (As Required)
Guidance and Control
Integration, Assembly, Test and Checkout

Space Vehicle Spacecraft
Payload I..n (As Required)
Reentry Vehicle
Orbit Injector/Dispenser
Integration, Assembly, Test and Checkout

Ground Command, Control,  Sensor I..n (As Required)
Communications and Misson Teemetry, Tracking and Control
Equipment Externd Communications



Hight Support Operations
and Services

Storage

Systems Enginearing/
Program Management

System Test and Evauation

Traning

Data

Peculiar Support Equipment

Common Support Equipment

Operationa/Site Activation

Data Processing Equipment
Launch Equipment
Auxiliary Equipment

Mate/Checkout/Launch

Misson Control

Tracking and C*

Recovery Operations and Services
Launch Site Mantenance/Refurbishment

Planning and Preparation
Storage
Transfer and Transportation

Development Test and Evauation
Operationd Test and Evauation
Mock-ups

Test and Evauation Support

Equipment
Services
Facilities

Technica Publications
Engineering Data
Management Data
Support Data

Data Depository

Test and Measurement Equipment
Support and Handling Equipment

Test and Measurement Equipment
Support and Handling Equipment

System Assembly, Ingtdlation and Checkout
on Ste

Contractor Technica Support

Site Construction

Site/Ship/Vehicle Converson



Indugtrid Facilities Congtruction/Convers on/Expanson
Equipment Acquisition or Modernization
Maintenance (Indudtrid Facilities)

Initid Spares and Repair
Parts

E.3 -- Definitions

F.3.1 -- Space System

The complex of equipment (hardware/software), data, services, and facilities required to attain and/or
maintain an operationa capability in space. This operationa capability requires the ability to develop,
ddiver, and maintain misson payload(s) in specific orbit, which further requires the ability to place,
operate, and recover manned and unmanned space systems.

I ncludes:

. launch vehidles, orbita transfer vehicles, shrouds, space vehicles, communications,
command and control facilities and equipment, and any mission equipment or other items

necessary to provide an operationa capability in space.
F.3.2 -- Launch Vehicle

The primary means for providing initia thrust to place a pace vehicle into its operationa environmen.
The launch vehicleis the prime propulsion portion of the complete flyaway (not to include the orbital
trandfer vehicle and space vehicle). The launch vehicle may be sngle-stage or multiple-stage
configuration.

Includes:

. the Structure, propulsion, guidance and control, and dl other ingtdled equipment integra to
the launch vehide as an entity within itsdf

. the design, development, and production of complete units (i.e., the prototype or
operationaly configured units which satisfy the requirements of their gpplicable
specification, regardless of end use)

. Sub-dementsto the launch vehicle (F.3.2.1 -- F.3.2.7)

Note: All effort directly associated with the remaining level 3 WBS elements and
the integration, assembly, test and checkout of these elementsinto the
launch vehicleis excluded.



F.3.2.1 -- Propulsion (Single Stage Only)

The means for generating the launch vehicle into its operationd orbit or itsintended path.
Includes, for example:

. engine, structure, propellant and fud, digtribution and control of propellant and fud, Sarting
means, safety devices, and interna environmenta control grouped as a functiona entity

. design, development, production, and assembly efforts to provide the propulsion
Subassembly

F.3.2.2 -- Stage |

The launch vehicle stage which provides initid lift-off propulson for the complete launch vehicle
(flyaway) and cargo.

Includes, for example:

. sructure, propulsion, contrals, instrumentation, and al other ingtalled subsystern equipment
integrd to Stage 1 as an entity

. design, development, production, and assembly efforts to provide Stage | as an entity
Excludes:
. Stragp-on units

Note: All effort directly associated with the remaining level 3 WBS elements and
the integration, assembly, test and checkout of these elementsinto the
launch vehicleis excluded.

F.3.2.3-- Stage!!..n (As Required)

The second and subsequent launch vehicle stages (if gpplicable) used to place a space vehicle into its
operationd environment.

Includes, for example:
. propulsion following separation of the first sage and subsequent stages (if applicable)

. structure, propulsion, controls, insrumentation, separation subsystems, and dl other
indalled subsystem equipment integra to the stage as an entity

. design, development, production, and assembly efforts to provide each individud stage as
an entity



Excludes:
. strap-on units

Note: All effort directly associated with the remaining level 3 WBS elements and
the integration, assembly, test and checkout of these elementsinto the
launch vehicleis excluded.

F.3.2.4 -- Strap-On Units (As Requir ed)

Solid or liquid propulsion assemblies that provide additiond thrust or propellant to assist the launch
vehicle in placing a spacecraft into its operationd orbit if strgp-on units are employed.

Includes, for example:

. complete set of strgp-on units -- case, nozzle, igniter, tanks, mounting structure, cordage,
etc.

. design, development, production, and assembly efforts to provide the strap-on units as an
entity

Note: All effort directly associated with the remaining level 3 WBS elements and
the integration, assembly, test and checkout of these elementsinto the
launch vehicleis excluded.

F.3.2.5 -- Shroud (Payload Fairing)

The protective covering and equipment mated to the launch vehicle which protects the cargo (i.e,
orbita transfer vehicle or space vehicle/orbital transfer vehicle combination) prior to and during the
launch vehicle ascent phase.

Includes, for example:
. Sructure -- the shroud structure, mechanisms and hinges

. instrumentation -- the hardware and software required to measure the environment and
loads being experienced by the shroud during the ascent phase until shroud separation and
deployment

. Separation subsystem -- the sequencers, ordnance, and other necessary mechanisms to
assure a successful shroud separation from the launch vehicle and cargo

. power system -- the necessary generation, storage, and distribution of eectrica power and
signds, hydraulic power, and any other power required by the shroud



. thermal control systems -- thermd paint, insulation, heat shield tiles, or any other active or
passive means necessary to maintain gppropriate temperature of the shroud and mission

equipment within it
. integration, assembly, test and checkout

Note: All effort directly associated with the remaining level 3 WBS elements and
the integration, assembly, test and checkout of these elementsinto the
launch vehicleis excluded.

F.3.2.6 -- Guidance and Control

The means (hardware/software) for generating or receiving guidance intelligence, conditioning the
intelligence to produce control signa's, and generating appropriate control forces.

Controllers may interface with the structure by actuating movesble aero surfaces or with the propulson
system to produce control reaction forces or may independently produce reaction forces for control.

If the design is such that electronics are packaged into a single rack or housing as an assembly, this rack
or housing will be considered part of the guidance and control system.

Includes, for example:
. guidance intelligence system, computer, sending eements, etc.

Note: All effort directly associated with the remaining level 3 WBS elements and
the integration, assembly, test and checkout of these elementsinto the
launch vehicleis excluded.

F.3.2.7 -- Integration, Assembly, Test, and Checkout.

The integration, assembly, test, and checkout dement includes dl efforts asidentified in Appendix H:
Work Bregkdown Structure Definitions, Common Elements, to provide a complete launch vehicle.

F.3.3-- Orbital Transfer Vehicle

Any trangportation system utilized for placing spacecraft in an operationa environment following launch
vehicle separation or deployment. Orbitd transfer vehicle includes, for example, “ upper-stages’ and
orbita maneuvering vehicles. The orbitd transfer vehicle may be sngle-stage or multiple-stage
configuration.

Includes:

. sructure, propulsion, guidance and control; al other ingaled equipment; and dl software
integrd to the vehidle



. design development, and production of complete units (i.e., prototype or operationaly
configured units which satisfy the requirements of their gpplicable specifications, regardiess
of end use)

. Sub-elements to the orbita transfer vehicle -- Propulsion, Stage |, Stage I1..n, Strap-On
Units, Guidance and Control, Integration, Assembly, Test and Checkout (Sections F.3.3.1
through F.3.3.4)

Note: All effort directly associated with the remaining level 3 WBS elements and
the integration, assembly, test, and checkout of these elementsinto the
orbital transfer vehicleis excluded.

F.3.3.1 -- Propulsion (Single Stage Only).

The meansfor generating the orbita trandfer vehicleinto its operaiond orbit.
Includes, for example:

. engine, structure, propellant and fud, digtribution and control of propdlant and fud, starting
means, safety devices, and interna environmenta control grouped as a functiona entity

. design, development, production, and assembly efforts to provide the propulsion structure
as an entity

F.3.3.2 -- Stage |

The orbitd transfer vehicle tage which providesinitid propulson for the orbitd trandfer vehicle
following separation or deployment from the launch vehicle,

Includes, for example:

. sructure, propulsion, contrals, instrumentation, separation, and al other ingtalled subsystem
equipment integral to Stage 1 as an entity

. design, development, production, and assembly efforts to provide Stage | as an entity
Excludes:
. strap-on units

F.3.3.3-- Stage!!..n (As Required)

The second orhital transfer vehicle stage and subsequent stages (as required) used to place a space
vehide into its operationd environment. This stage provides propulsion following separation of the first

Stage.



Includes, for example:

. Sructure, propulsion, controls, instrumentation, separation subsystems, and dl other
ingtalled subsystem equipment integra to the stage as an entity

. design, development, production, and assembly efforts to provide each stage as an entity
Excludes:
. strgp-on units

F.3.3.4 -- Strap-On Units (As Requir ed)

The solid or liquid propulsion assemblies that provide additiond thrust or propellant to assist the orbital
transfer vehicle in placing a gpace vehicle into its operationa orbit if Strap-on units are employed.

Includes, for example:

. complete set of strgp-on units -- the case, nozzle, igniter, tanks, mounting structure,
cordage, €etc.

. design, development, production, and assembly efforts to provide the strgp-on unitsas an
entity

F.3.3.5 -- Guidance and Control

The means (hardware/software) for generating or receiving guidance intelligence, conditioning the
intelligence to produce control signds, and generating appropriate control forces.

Controllers may interface with the structure by actuating moveable aero surfaces or with the propulsion
system to produce control reaction forces or may independently produce reaction forces for control.

If the design is such that eectronics are packaged into a single rack or housing as an assembly, this rack
or housing will be considered part of the guidance and control dement.

Includes, for example:
. guidance intelligence system, computer, senang eements, etc.

F.3.3.6 -- Integration, Assembly, Test, and Checkout

The integration, assembly, test, and checkout dement includes dl efforts asidentified in Appendix H:
Work Breskdown Structure Definitions, Common Elements, to provide acomplete orbital transfer
vehide

F.3.4 -- Space Vehicle



The complete vehicle, or group of vehicles placed into space (operationd orbit environment).
Includes:

. spacecraft, payload, reentry vehicle and orbit injection/dispenser, and integration,
assembly, test, and checkout

. design, development, and production of complete units -- (i.e., prototype or operationdly
configured units which satisfy the requirements of their gpplicable specifications, regardiess
of end use)

. sub-elements to the space vehicle -- Spacecraft, Payload |..n, Reentry Vehicle, Orbit
Injector/Dispenser, Integration, Assembly, Test and Control (F.3.4.1 -- F.3.4.5)

Note: All effort directly associated with the remaining level 3 WBS elements and
the integration, assembly, test and checkout of these elementsinto the space
vehicleis excluded.

F.3.4.1 -- Spacecr aft

The principa operating space vehicle which serves as ahousing or platform for carrying a payload and
other misson-oriented equipments in space.

Includes, for example:

. structure, power, attitude determination and control, and other equipments characteristic of
Spacecraft

. al design, development, production, and assembly efforts to provide the spacecraft as an
entity

F.3.4.2 -- Payload

The equipment provided for specid purposes in addition to the norma equipment integra to the
Spacecraft or reentry vehicle.

Includes, for example:

. experimenta equipment placed on board the vehicle and flight crew equipment (space
auits, life support, and safety equipment)

. communications, displays and instrumentation, telemetry equipment and other equipments
specificaly to collect data for future planning and projection purposes



Note: All effort directly associated with the remaining level 3 WBS elements and
the integration, assembly, test and checkout of these elementsinto the space
vehicleis excluded.

F.3.4.3 -- Reentry Vehicle

The principa operating vehicle specifically designed to safely reenter the atmosphere in order to land a
payload (experimental equipment or crew).

Includes, for example:

. navigation and guidance, power supply, command and control, attitude control,
environmentda control, propulson, and other equipments homogeneous to the reentry
vehide

. al desgn, development, production, and assembly efforts to provide the reentry vehicle as
an entity

Note: All effort directly associated with the remaining level 3 WBS elements and
the integration, assembly, test and checkout of these elementsinto the space
vehicleis excluded.

F.3.4.4 -- Orbit I njector/Dispenser

The function of placing orbiting objects in the planned orbita path.
Includes, for example:

. structure, propulson, instrumentation and stage interface, separation subsystem, and other
equipment necessary for integration with other level 3 ements

Note: All effort directly associated with the remaining level 3 WBS elements and
the integration, assembly, test and checkout of these elementsinto the space
vehicleis excluded.

F.3.4.5 -- Integration, Assembly, Test, and Checkout

The integration, assembly, test, and checkout dement includes dl efforts asidentified in Appendix H:
Work Breskdown Structure Definitions, Common Elements, to provide a complete space vehicle.

F.3.5-- Ground Command, Control, Communications, and Misson Equipment

The ground hardware/software equipment used for communicating between control and tracking
facilities, monitoring the health and status of space vehides, commanding the space vehicle' s hardware,
and adjusting the space vehicle s orbit as required for space vehicle hedlth or mission purpose.



Two configurations for the ground command, control, communications and misson equipment are the
parabolic dish-based antenna system and the phased array-based antenna system.

If aground site has mulltiple antenna configurations, each will have its own separate command and
control equipment, communications equipment, data processing equipment and test equipment.

I ncludes:

. the design, development, and production of complete units -- (i.e., prototype or
operationaly configured units which satisfy the requirements of their applicable
specifications, regardless of end use)

. sub-eements to the ground command, control, communications, and misson equipment
(F.3.5.1-- F.3.5.6)

F.3.5.1 -- Sensor |..n (As Required)

Those hardware and software € ements/components which comprise the sensor system.
Includes, for example:

. antenna, platform/pedesta, radome, transmission equipment, reception equipment, and
other sensor subsystems

. design, development, production, and assembly efforts to provide each sensor as an entity

F.3.5.2 -- Tdlemetry, Tracking and Control

The hardware/software dements that facilitate launch decisons and command and control of the
aerogpace vehicle.

Includes, for example:

. supplementary means for guidance of those aerogpace vehicles not having completely sdf-
contained guidance and control and means to command destruct

. control and check-out consoles, data displays, and mission records

F.3.5.3 -- External Communications

The hardware and software components thet alow the ground station to communicate with any externd
datalink or source like telephone (andog) lines, digital data lines, nonsatellite radio receivers. While the
terredtrial datalines may connect to radio of other satellite communications stations, the externa
communications subsystem ends where these links physicaly connect to the secure communications,
modul ation/demodul ation (modem) or coder/decoder equipment.



F.3.5.4 -- Data Processing Equipment

The hardware and software components that provide the activities and means to condition data
generated at the launch Site or aboard the space vehicle, or data received from associated systems to
accommodate the needs of command and control or mission data processing.

Includes, for example:

. central processing unit (computer), periphera equipment, and the software required to
operate the data processing equipment.

F.3.5.5 -- Launch Equipment

The means to launch the aerospace vehicle from gationary stes.
Includes, for example:

. storage facilities and checkout stations for readiness verification when these are integra to
the launcher

. safety and protective dements when these are not integrd to the launch platform or fecilities

F.3.5.6 -- Auxiliary Equipment

The generd purpose/multi-usage ground equipment utilized to support the various operationd
cgpatiilities of the command and launch equipments.

Includes, for example:

. power generators, power distribution systems, environmenta control, cabling, mafunction
detection, fire prevention, security systems, and other common-usage items not applicable
to specific dements of the ground based equipment

F.3.6 -- Flight Support Operationsand Services

Mate/checkout/launch; mission control; tracking; and command, control and communications (C3);
recovery operations and services, and launch site maintenance/refurbishment. This dement supports the
launch vehicle, orbitd transfer vehicle, and/or space vehicle during an operationa misson.

Sub-elements to the flight operations and services (F.3.6.1 -- F.3.6.5).

F.3.6.1 -- Mate/Checkout/L aunch

The preflight operations and services subsequent to production and/or storage, and the actua launch of
the complete system and payload.



Includes, for example:

. materials to conduct equipment receiving and checkout a launch site, preflight assembly
and checkout, pre/post flight data reduction and andysis, and any prelaunch flight
control/misson control planning

F.3.6.2 -- Mission Control

The personnel and materiel required to operate individual mission control centers and to perform ground
command and control with the space vehicles.

Includes, for example:

. mission control centers such as Congtdlation Command Center, Battle
Management/Command Control Center (BM/C?), Space Asset Support System Control
Center, and Space Transportation Control Center

Excludes:
. tracking and communications centers (these are included in WBS eement F.3.6.3)

F.3.6.3 -- Tracking and C3

The personnel and materie required to perform the functions of telemetry, tracking, controlling, and data
retrieva for the misson control systems.

Includes, for example:

. mission control systems, on the ground or in space, including Satdllite Control Facility;
Remote Tracking Station; Tracking, Data, Relay Satdllite System; and other ground/space
tracking systems

Excludes:

. initial acquisition of tracking and C* (acquisition of these systemsisincluded in WBS
element F.3.6.4)

F.3.6.4 -- Recovery Oper ations and Services

The contractor effort and materiel necessary to effect recovery of the space vehicle or other mission
equipment.

I ncludes:



. the launch dte recovery forces, reentry site recovery forces, logistics support to recovery
forces, logistics support to the recovery operations, communications, and transportation of
recovered equipment to assgned facilities

F.3.6.5 -- Launch Site M aintenance/Refur bishment

The organization, maintenance, and management of launch vehicle fadilities and misson equipment, and
support at the launch base.

Includes, for example:
. requirements to clean up and refurbish each launch ste after each launch
F.3.7 -- Storage

Those cogts of holding portions of the space system while awaiting use of the system being stored,
prepared for storage, or recovered from storage. Periods of holding result from schedule changes
and/or technologica problems exogenous to the portion of the space system.

Includes:
. Sub-elements to storage (F.3.7.1 -- F.3.7.3)

F.3.7.1 -- Planning and Preparation

The planning and preparation costs for storage of dl systems/subsystems associated with the launch
vehicle, orbitd transfer vehicle, and space vehicle equipment.

Includes, for example:

. generation of any storage or maintenance ingtructions and documents necessary for
repairable systems or subsystems

F.3.7.2 -- Storage

The cost incurred while the systems or subsystems of the launch vehicle, orbitd transfer vehicle, and
gpace vehicle equipment are in storage.

F.3.7.3 -- Transfer and Transportation

The transfer and storage costs incurred when the systems/subsystems of the launch vehicle, orbita
transfer vehicle, and space vehicle equipment are moved from one location to another.

Includes, for example:

. cogts of relocation necessitated by misson requirements



F.3.8 -- WBS Common Elements

Definitions for common WBS eements gpplicable to the space system and al other defense materid
itemsarein Appendix H: Work Breakdown Structure Definitions, Common Elements.
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